Races C-1 and C-3 of Pyricularia oryzae were compared for their multiplying potential, i.e., time needed for fungus infection, number of susceptible lesions formed, sporulation in lesions, lesion size, and racial competition on two Kanto 51-type rice varieties, Tatsumimochi and Fukei 69, which are compatible to both races.
Materials and Methods
Five isolates each of races C-1 and C-3 and two Kanto 51-type rice varieties, Tatsumimochi and Fukei 69, were used as materials in the present experiments. These two varieties are susceptible to both races. Two methods of inoculation were used for most experiments.
Plants in the 6-leaf stage were sprayed with a spore suspension, incubated in a moist chamber for 20 hours at 27-28C, and then kept in a green house until lesions appeared.
To measure sporulation and size of lesions, the punch method of inoculation was used on the 10th and 11th leaves of the main culm soon after expansion of the 11th leaf.
The inoculated leaves were shaded to prevent rapid drying of the paste inoculum.
Twelve days after inoculation the leaves were detached and incubated for 17-18 hours in the dark at 27-28C to induce sporulation.
Furuta's method1) was used to induce sporulation on oat meal agar.
Conidia were counted with the aid of a hemocytometer using four replication per sample.
Detached lesions or discs of oat meal agar 2cm in diam were placed in small glass tubes with a measured amount of water containing a surfactant and subjected to supersonic vibrations10) to release conidia from the sporulating surface.
To estimate lesion size, the image of the lesion was magnified by a profile projector, traced on paper, and measured by an automatic area meter.
Results

Sporulation
in culture and number of susceptible lesions on the Chokai variety of rice Since factors other than the specific relations between races C-1 and C-3 and the two Kanto 51-type varieties could influence racial distribution, the ability of the isolates to sporulate on oat meal agar and to produce lesions on a variety Chokai with no major genes for resistance to blast was determined.
There was a wide variation among isolates (Table 1) in number of spores produced in culture. Isolate 15, for example, produced more than 100 times as many conidia as isolate 1. In general, isolates of C-3 produced more spores than isolates of C-1. There was little difference in the number of susceptible lesions produced by the isolates on the Chokai variety (Table 1) .
Time needed for fungus infection Plants inoculated by spraying were inocubated in a moist chamber for 6,8,10, or 20 hours. Soon after incubation for the scheduled number of hours, the drops on the leaves were dried by an electric fan to stop further fungus penetration. The time required for infection was expressed as the percent infection (Table 2) by dividing the number of susceptible lesions on plants incubated for 6, 8, or 10 hours by the number of lesions on plants incubated for 20 hours for each isolate. The time needed for infection by race C-3 was slightly shorter than that by race C-1.
The same tendency was observed on both rice varieties, Tatsumimochi and Fukei 69, indicating that there is no specific relations between race and variety in time needed for infection.
Both races appeared to infect Fukei 69 more rapidly than Tatsumimochi. This is probably due to the high susceptibility of Fukei 69 to blast.
Number of susceptible lesions The two Kanto 51-type varieties were inoculated by spraying under the same conditions.
Both isolates produced more lesions on Fukei 69 than on Tatsumimochi with only small differences between races (Table 3) . lesions than C-1 on Tatsumimochi.
The difference in sporulation between races C-1 and C-3 on this variety seems to be largely due to the difference in size of lesions. The variety Tatsumimochi appears to have a factor which specifically reduces the lesion size and sporulation of race C-3.
Isolation frequency of races C-1 and C-3
An equal amonunt of spore suspension of the two races was mixed evenly in each combination of isolates and sprayed on the varieties.
About ten susceptible lesions were collected at random from each variety for race determination (Table 4) . The frequency of reisolation of races C-1 and C-3 varied according to the host variety and the combination of isolates. The two races were reisolated at an about equal frequency from Fukei 69, whereas on Tatsumimochi the isolation frequency of race C-3 was fairy low compared with that of race C-1. a) The higher number is circled.
Since both Tatsumimochi and Fukei 69 were inoculated by the same mixture inocula, the difference in frequecy of reisolation of races C-1 and C-3 from these two varieties is most likely due to racial selection by the host variety or to racial competition at the infection site.
Discussion
It may be generally considered that the distribution of races of rice blast fungus is the result of occurrence of new races and differences in multiplication of these races.
In this study differences in multiplication of races C-1 and C-3 were studied on the varieties Tatsumimochi and Fukei 69. Fewer conidia were produced by race C3-than by race C-1 on Tatsumimochi, but not on Fukei 69 or on oat meal agar.
The smaller size of lesions of race C-3 on Tatsumimochi seems to be principally responsible for the lower number of spores produced. A lower incidence of neck-rot induced by C-3 on this variety has also been observed (K. Shindo, personal communication).
Tatsumimochi appears to have a race-specific factor that limit expansion of lesions of race C-3.
This variety is known to have a higher degree of field resistance than Fukei 69.
The lower number of lesions formed on Tatsumimochi than on Fukei 69 by both races in this study may be an expression of this field resistance.
However, the smaller lesion size of race C-3 cannot be accounted for by field resistance because the size of the lesions of race C-1 were as large on Tatsumimochi as on Fukei 69. Another factor that would influence the racial distribution of races C-1 and C-3 is the low frequence of reisolation of C-3 compared to C-1 on Tatsumimochi when this variety was inoculated with a mixture of spores of the two races.
When the variety is inoculated with a mixture of spores of two races, each lesion usually contains only one of the two races rather than a mixture of both races (H. Yaegashi, unpublished results).
It seems likely that on Tatsumimochi there were actually few lesions containing race C-3 compared race C-1.
This may be due to the phenomenon of racial competition as found for races C-1 and C-8 by Iwano and Yamada3). These authors4) believe that the prevalence of race C-8 compared to race C-1 is due to suppression of spore germination of race C-1 by chemical substances produced when the mixture of races C-1 and C-8 is placed on rice leaves. Yamanaka14) pointed out that the relative survival ability among isolates might be changed by antagonistic effects that are closely related to the rate of lesion enlargement.
In the case of races C-1 and C-3 on Tatsumimochi, it is not clear whether there is a suppression of spore germination or an inhibition of lesion development of race C-3 by race C-1
The disadvantage of race C-3 in multiplication on Tatsumimochi seems to be due to a factor in this variety which specifically inhibits multiplication of race C-3. Race C-3 has fewer genes for pathogenicity than race C-1 and according to the stabilizing selection theory of Van der Plank16) this race should become the prevalent race in the absence of race-specific factors in the varieties.
Also race C-3 has an advantage over race C-1 in time required for infection.
This may be important in the field when short dew periods or other environmental factors may limit the time available for the fungus to infect the plant.
In mixed inoculation of these two races, however, the advantageous character of race C-3 seems to be masked. It is probably due to some effects caused by mixing the two races.
It appears that, even in varieties that have no major genes for resistance to the prevalent races of the rice blast fungus, there may be race-specific factors in these varieties, that influence the distribution of the races.
Antagonism and competition among races may also play a role in racial distribution.
We are most thankful to Professor T.T. Hebert, North Carolina State University, for criticism and suggestions. 
